Objective: To investigate the elastic properties of the ascending aorta in untreated patients with giant cell arteritis compared with age and sex matched normal controls. Methods: Distensibility of the ascending aorta and aortic strain were measured in 22 patients with a recent diagnosis of giant cell arteritis (documented by a positive temporal artery biopsy) before initiation corticosteroid treatment, and in 44 age and sex matched healthy subjects. Aortic distensibility was calculated as 26[pulsatile change in aortic diameter]/[(diastolic aortic diameter)6(aortic pulse pressure)], and aortic strain as [pulsatile change in aortic diameter]/[diastolic aortic diameter]. Aortic diameters were measured by echocardiography. Aortic pressures were obtained by external sphygmomanometry. Results: Distensibility of the ascending aorta and aortic strain were both lower in patients with giant cell arteritis than in the controls (p,0.01). In the patients with giant cell arteritis, aortic distensibility was inversely correlated with white blood cell count (p,0.05), but not with erythrocyte sedimentation rate or C reactive protein.
G iant cell arteritis, also referred as temporal arteritis, cranial arteritis, or granulomatous arteritis, is an inflammatory arterial disease which most prominently involves the cranial branches of the arteries originating from the aortic arch. 1 Patients are almost always over 50 years of age at the time of diagnosis, 2 3 the mean age being 70 years. The symptoms of the disease are related to the affected arteries. 1 2 The American College of Rheumatology (ACR) has formulated criteria for the classification of giant cell arteritis. 1 4 Corticosteroids are the drugs of choice for treatment in patients with this condition.
The implications for the heart and ascending aorta in patients with giant cell arteritis are more serious than might be expected. 5 The most common clinical presentations are coronary ischaemia, 6 dilatation of the ascending aorta, aortic regurgitation, and aortic dissection. [7] [8] [9] The inflammatory process weakens the aortic wall, and fragmentation of the elastic fibres has been observed. 10 Several conditions and diseases such as old age, coronary artery disease, congestive heart failure, arterial hypertension, diabetes mellitus, chronic renal failure, Marfan's syndrome, smoking, and severe aortic regurgitation may cause alterations in the physical properties of the aorta, resulting in increased rigidity and impaired aortic distensibility.
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Aortic distensibility can be measured from the changes in aortic diameter and pulse pressure 11 using invasive and noninvasive techniques. [12] [13] [14] Our aim in this study was to investigate the elastic properties of the ascending aorta (aortic distensibility and aortic strain) in patients with giant cell arteritis before the initiation of corticosteroid treatment. To do this we compared a group of affected patients with a group of healthy controls. We also examined the possible correlation between the degree of reduction of aortic distensibility or aortic strain and the presence of inflammatory markers in the patient group.
METHODS

Study population
Subjects for the study were 22 sequential patients first seen between May 2001 and December 2003 with a recent diagnosis of giant cell arteritis. The diagnosis was in accordance with the ACR criteria for the disease, and was confirmed by a biopsy of the temporal artery before treatment with corticosteroids was begun. We also recruited 44 healthy controls matched for age and sex. Patients with a history of coronary heart disease or cerebrovascular events, moderate or severe arterial hypertension (or receiving antihypertensive drugs), diabetes mellitus, moderate or severe aortic regurgitation, Marfan's syndrome, chronic renal failure, or congestive heart failure were excluded. There were no differences between the two groups in the use of statins or other drugs that could influence endothelial function.
The groups were compared for the two primary outcomes, aortic distensibility and aortic strain, and for several secondary outcomes: mild aortic regurgitation, left ventricular ejection fraction, aortic root diameter, ascending aorta diameter, systolic blood pressure (SBP), diastolic blood pressure (DBP), and heart rate. In addition, for the group of patients with giant cell arteritis, we investigated the association between the primary outcomes and a selection of inflammatory markers (erythrocyte sedimentation rate (ESR), white blood cell count (WBC), packed cell volume (PCV), C reactive protein concentration, and duration of symptoms before the diagnosis).
Procedures
Blood examinations
Blood samples were taken from all patients with giant cell arteritis. Common haematological and inflammatory markers (PCV, WBC, ESR, and C reactive protein) were analysed.
Echocardiographic study
A comprehensive echocardiographic examination was done using a Hewlett Packard Sonos 1000 ultrasound system with a 2.5 MHz transducer. From the cross sectional, four chamber view the ejection fraction of the left ventricle was calculated using Simpson's rule. Aortic valve structure and function were examined using the Doppler method, beginning with colour flow imaging. When abnormal intracardiac flow was detected, pulsed and continuous wave Doppler studies were done. Regurgitation severity grading was semiquantitative and was based on the size and duration of the transvalvar jet. 15 Measurements of diastolic and systolic diameter of the ascending aorta and aortic root were record at a level 3 cm above the aortic valve and at the aortic orifice, respectively, guided by M mode tracking using cross sectional echocardiography in the parasternal long axis view. Systolic and diastolic aortic diameters were measured at maximum anterior motion of the aorta and at the peak of the QRS complex, respectively.
The intraobserver and interobserver mean percentage error (absolute difference between two observations divided by the mean, expressed as a percentage) was determined for the aortic dimensions in 20 randomly selected subjects. The values were 4.2% and 4.6% for the systolic dimension and 4.1% and 4.4% for the diastolic dimension, respectively, in our centre.
Blood pressure was measured with an external sphygmomanometer. Brachial artery pressures (systolic and phase V diastolic) were determined before and after the echocardiographic study and the mean of the pressures was used in subsequent calculations. White blood count Aortic distensibility 4000 6000 8000 10 000 12 000 Figure 1 Scatterplot of the association between aortic distensibility and white blood cell count (p,0.05).
Calculation of aortic distensibility and aortic strain
The distensibility of the ascending aorta was calculated from the pulsatile changes of the echocardiographic aortic diameters and pulsatile changes of aortic pressure, using the formula:
where pulsatile change in aortic diameter = systolic2diasto-lic aortic diameter, and aortic pulse pressure = systolic2dias-tolic blood pressure. Aortic strain, expressed as percentage change, was calculated using the formula:
Statistical analysis
The differences in the primary outcomes (aortic distensibility and aortic strain), in the secondary outcomes (aortic regurgitation, ejection fraction, aortic root diameter, ascending aorta diameter, SBP, DBP, and heart rate), and in age, body mass index (BMI), and serum cholesterol between the patient and control groups were investigated using the nonparametric Mann-Whitney U test. The two groups were also compared overall, combining the two primary outcomes, using bivariate analysis of variance. The two groups were compared for the aortic regurgitation variable and smoking status using a x 2 test. In addition, the group effect and the interaction between group differences and the aortic regurgitation effect were compared for each primary outcome using a general linear model.
For the patient group, we investigated the association between aortic distensibility or aortic strain and the inflammatory markers ESR, WBC, PCV, C reactive protein, and duration of symptoms before diagnosis by fitting two multiple linear regression models. In this model, the response was the primary outcome and the explanatory variables were the inflammatory indices. The effects were considered significant at a probability (p) value of ,0.05. The analyses were done using SPSS r.11 statistical software.
RESULTS
No differences in demographic variables and other characteristics (BMI, smoking status, cholesterol level, blood pressure, heart rate, or left ventricular ejection fraction) were observed between the two groups. Patients with giant cell arteritis had significantly reduced aortic distensibility compared with the healthy age and sex matched controls (mean (SD): 1 With respect to the possible association between aortic distensibility or aortic strain and inflammatory markers (ESR, WBC, PCV, C reactive protein, duration of symptoms before diagnosis), linear regression analysis showed only that aortic distensibility was inversely associated with WBC (p,0.05; table 2, fig 1) .
DISCUSSION
This study shows that, compared with healthy subjects, aortic distensibility and aortic strain are reduced in patients with recent onset giant cell arteritis, before the start of corticosteroid treatment. Some evidenc of a correlation between the degree of impairment of aortic distensibility or aortic strain and inflammatory markers was found-specifically, aortic distensibility was inversely correlated with the white blood cell count (p,0.05). The incidence of aortic regurgitation or dilatation of the ascending aorta in patients with giant cell arteritis in our study was is in accordance with previous reports. 9 To our knowledge, this is the first investigation to show alterations in the elastic properties of the ascending aorta in patients with giant cell arteritis.
It is well known that the elastic properties of large arteries are impaired in various conditions, including old age, coronary artery disease, congestive heart failure, arterial hypertension, diabetes mellitus, chronic renal failure, Marfan's syndrome, and severe aortic regurgitation. 11 It has been reported that aortic distensibility is increased in elite athletes. 16 There is little published evidence on the relation between rheumatic diseases in general and the elastic properties of large arteries. Decreased distensibility of the large arteries has been reported in patients with systemic sclerosis. 17 18 Structural changes of the aortic wall or alterations of vasa vasorum flow have been detected in conditions such as arterial hypertension and aging, which involve impairment of the elastic properties of the aorta. 19 With respect to the pathology of the inflammatory arterial lesions in patients with giant cell arteritis, the prominent finding is that the inflammatory process is usually more apparent in the inner portion of the media, adjacent to the internal elastic lamina 1 (described as a granulomatous reaction 10 ). Fragmentation and disintegration of elastic fibres occurs, closely associated with an accumulation of giant cells. 1 10 Elastolysis by multinucleated giant cells has also been reported. 20 The granulomatous inflammatory reaction in the arterial wall has been observed not only in temporal artery biopsy specimens but also in surgical and necropsy aortic tissue specimens. 10 21 Positron emission tomography has also detected an inflammatory process in the aortic arch. 5 In fact, most patients with giant cell arteritis appear to have giant cell aortitis at some time. 5 These observations raise questions about impairment of the elastic properties of the ascending aorta in patients with giant cell arteritis. Although it is difficult to assess structural changes in the intact human aorta, it is relatively easy to assess the elastic properties of the vessel. The partial correlation between the degree of impairment of aortic elastic properties and inflammatory markers supports the pathophysiological basis of the lesions, whereby the inflammatory process in the inner portion of the mediaand the resulting fragmentation and disintegration of elastic fibres-is probably responsible for the impaired elastic properties of the ascending aorta in giant cell arteritis.
Our study has some limitations. Aortic diameters were measured echocardiographically and not invasively. A previous study has shown that aortic diameter can be determined with a high degree of accuracy in subjects whose cardiothoracic anatomy permits an echocardiographic signal of satisfactory quality, 13 and the values obtained by echocardiography were not significantly different from those obtained by angiography. 13 In our study we had no difficulty in obtaining an echocardiographic signal of good quality. In addition, pulse pressure estimated non-invasively from the brachial artery by external sphygmomanometry has been shown to correlate well with that measured directly from the aorta and has been used for the calculation of aortic distensibility in previous reports. 13 22-24 Although this noninvasive technique introduces an error factor 22 owing to slight amplification of pulse pressure at more distal arterial sites, its final effect on the validity of the distensibility calculation is trivial. These non-invasive techniques have also been used for calculating aortic distensibility in previous studies. [23] [24] [25] Thus a reliable estimation of the elastic properties of the ascending aorta using completely non-invasive techniques is feasible.
Conclusions
Structural and molecular changes of the aortic wall in patients with giant cell arteritis may be responsible for a reduction in the elastic properties of the ascending aorta. An increase in the number of patients examined would clarify the inverse correlation between the impaired elastic properties of the ascending aorta and inflammatory marker positivity. 
